During screening for novel and useful micro-organisms from a sea squirt (Halocynthia roretzi) collected from the South Sea, Korea, many bacterial strains were isolated and characterized. One of these isolates, designated MA1-1 T , is described in this study. Comparative 16S rRNA gene sequence analysis showed that this novel strain is most closely related phylogenetically to the type strains of the two Litoreibacter species and Thalassobacter arenae. The genus Litoreibacter, a member of the class Alphaproteobacteria, was created recently by Romanenko et al. (2011) Litoreibacter janthinus, isolated from the seashore. Thalassobacter arenae, isolated from sea sand, was described by Kim et al. (2009) as the second recognized species of the genus Thalassobacter. However, T. arenae has been shown to be distantly related phylogenetically to Thalassobacter stenotrophicus, the type species of the genus Thalassobacter, and to be more closely related to members of the genus Litoreibacter (Ivanova et al., 2010; Romanenko et al., 2011) . The aim of the present work was to determine the exact taxonomic position of strain MA1-1 T by using a polyphasic characterization and to elucidate taxonomic relationships among the Litoreibacter species, T. arenae and T. stenotrophicus.
Strain MA1-1
T was isolated by the dilution-plating technique on marine agar 2216 (MA; Difco) at 20 uC and cultivated routinely on MA at 25 u C. L. albidus JCM 16493 T , L. janthinus JCM 16492 T and T. arenae KACC 12675 T were used as reference strains for DNA-DNA hybridization, fatty acid and polar lipid analyses, and other phenotypic tests. T. stenotrophicus KACC 12163
T was used as a reference strain for fatty acid and polar lipid analyses. Cell morphology was examined by using light microscopy (DP70; Olympus) and transmission electron microscopy (CM-20; Philips). The latter technique was also used to assess the presence of flagella on cells from an exponentially growing MA culture. For this purpose, the cells were negatively stained with 1 % (w/v) phosphotungstic acid and the grids were examined after being air-dried. The Gram reaction was determined by using the bioMérieux Gram stain kit according to the manufacturer's instructions. The presence of poly-b-hydroxybutyrate granules was investigated by epifluorescence microscopy (DP70; Olympus) after staining with Nile blue A as described by Ostle & Holt (1982) . Growth under anaerobic conditions was determined after incubation in an anaerobic chamber (Forma 1029; N 2 /CO 2 /H 2 , 86 : 7 : 7, by vol.) on MA which had been prepared anaerobically under a nitrogen atmosphere. Growth at 4, 10, 15, 20, 25, 30, 37, 40 and 45 u C was measured on MA. Growth in the absence of NaCl and in the presence of 0.5, 1.0, 2.0 and 3.0 % (w/v) NaCl was investigated in trypticase soy broth prepared according to the formula of the Difco medium except that NaCl was omitted and that 0.45 % (w/v) MgCl 2 . 6H 2 O was added. Growth in the presence of 2.0-10.0 % (w/v) NaCl (final concentration, in increments of 1.0 %) was measured in marine broth 2216 (MB; Difco). The pH range for growth was determined in MB adjusted to pH 4.5-9.5 (in increments of 0.5 pH units) by using sodium acetate/acetic acid and Na 2 CO 3 . The pH was verified after autoclaving. Catalase and oxidase activities were determined as described by Cowan & Steel (1965) . Hydrolysis of casein, hypoxanthine, xanthine, starch and L-tyrosine was examined on MA, by using the substrate concentrations described by Cowan & Steel (1965) . Nitrate reduction and hydrolysis of aesculin, gelatin, Tweens 20, 40, 60 and 80, and urea were investigated as described by Lányí (1987) (Bruns et al., 2001) . Acid production from carbohydrates was determined as described by Leifson (1963) . H 2 S production was tested as described by Bruns et al. T for polar lipid analysis was obtained from cultures grown for 3 days in MB at 25 uC. Chromosomal DNA was extracted and purified by the procedure described by Yoon et al. (1996) , with the modification that RNase T1 was used in combination with RNase A to minimize contamination by RNA. The 16S rRNA gene was amplified by PCR using two universal primers as described previously (Yoon et al., 1998) and the PCR products were purified by using a QIAquick PCR purification kit (Qiagen). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Yoon et al. (2003) . The almost-complete 16S rRNA gene sequence of strain MA1-1 T determined in this study comprised 1389 nt, representing approximately 96 % of the Escherichia coli 16S rRNA gene sequence. In the neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, strain MA1-1 T joined the cluster comprising the type strains of the two Litoreibacter species by a bootstrap resampling value of 77.1 %, and this cluster joined the type strain of T. arenae by a bootstrap resampling value of 95.4 % (Fig. 1) . These topologies were also maintained in a tree reconstructed using the maximum-parsimony algorithm (Fig. 1) 
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Oceanicola granulosus , other Litoreibacter species, Thalassobacter species and representatives of some other related taxa. Bootstrap values (expressed as percentages of 1000 replications) .70 % are shown at branching points. Filled circles indicate that the corresponding nodes were also recovered in trees generated with the maximumlikelihood and maximum-parsimony algorithms. Open circles indicate that the corresponding nodes were also recovered in a tree generated with the maximum-parsimony algorithm. Stappia stellulata IAM 12621 T was used as an outgroup.
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Litoreibacter meonggei sp. nov.
Isoprenoid quinones were extracted as described by Komagata & Suzuki (1987) and analysed using reversedphase HPLC and a YMC ODS-A (25064.6 mm) column. The predominant isoprenoid quinone found in strain MA1-1 T was ubiquinone 10 (Q-10) (peak area ratio approx. 98 %), and minor amounts (approx. 2 %) of Q-8 and Q-9 were also present, which is in line with previous reports for the genus Litoreibacter (Romanenko et al., 2011) . For cellular fatty acid analysis, cell mass of strain MA1-1 T , L. albidus JCM 16493 T , L. janthinus JCM 16492 T , T. arenae KACC 12675 T and T. stenotrophicus KACC 12163 T was harvested from MA plates after incubation for 3 days at 25 u C. Fatty acids were saponified, methylated and extracted using the standard protocol of the Sherlock Microbial Identification System, version 4.0 (MIDI Inc.). The mixture of fatty acids was separated on GC (Hewlett Packard 6890) and identified by using the TSBA40 database of the Microbial Identification System (Sasser, 1990) . The complete cellular fatty acid profiles of strain MA1-1 T and of the type strains of the two Litoreibacter species and the two Thalassobacter species, grown and analysed under identical conditions in this study, are compared in Table 2 . The predominant fatty acid found in strain MA1-1 T was C 18 : 1 v7c ( Table 2 ). The overall fatty acid profile of strain MA1-1 T was similar to those of the four reference strains. However, it is noteworthy that strain MA1-1 T , L. albidus JCM 16493 T , L. janthinus JCM 16492 T and T. arenae KACC 12675
T could be differentiated from T. stenotrophicus KACC 12163 T by differences in the proportions of C 16 : 0 (Table 2) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) and identified by two-dimensional TLC followed by spraying with molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol (Minnikin et al., 1984; Komagata & Suzuki, 1987 ) and Dragendorff's reagent (Sigma). The major polar lipids detected in strain MA1-1 T were phosphatidylcholine (PC), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), an unidentified aminolipid (AL) and an unidentified lipid (L1); a minor amount of diphosphatidylglycerol (DPG) was also detected (Fig. 2) . This profile was similar to those of L. albidus JCM 16493 T , L. janthinus JCM 16492 T and T. arenae KACC 12675 T , in that PC, PG, PE, L1 and AL were major polar lipids (Fig. 2) T and L. janthinus JCM 16492 T in that PE and L1 were absent as major polar lipids and significant amounts of two unidentified phospholipids were present (Fig. 2) . The absence of PE and the presence of two unidentified phospholipids in the type strain of T. stenotrophicus were also reported by Pujalte et al. (2005) . However, it was reported by Kim et al. (2009) that PE is present in the polar lipid profile of T. stenotrophicus KACC 12163 T . Probably, the unidentified AL was misinterpreted as PE by Kim et al. (2009) . The DNA G+C content was determined by the method of Tamaoka & Komagata (1984) with the modification that the DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC equipped with a YMC ODS-A (25064.6 mm) column. The nucleotides were eluted with a mixture of 0.55 M NH 4 H 2 PO 4 (pH 4.0) and acetonitrile (40 : 1, v/v) at a flow rate of 1 ml min 21 at room temperature and detected by UV absorbance at 270 nm. The DNA G+C content of strain MA1-1 T was 57.9 mol%, a value in the range reported for Litoreibacter species and T. arenae, i.e. 56.0-60.4 mol% (Kim et al., 2009; Romanenko et al., 2011) . Taking these data into account, it is reasonable to assign strain MA1-1 T to the genus Litoreibacter and to reclassify T. arenae as a member of the genus Litoreibacter, Litoreibacter arenae comb. nov. DNA-DNA hybridization was performed fluorometrically by the method of Ezaki et al. (1989) using photobiotinlabelled DNA probes and microdilution wells. Hybridization was performed with five replications for each sample. The highest and lowest values obtained in each sample were *Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 3 contained C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; summed feature 5 contained C 18 : 2 v6,9c and/or anteiso-C 18 : 0 ; summed feature 7 contained one or more of C 19 : 1 v6c, C 19 : 0 cyclo v10c and an unknown fatty acid (ECL 18.846). T was also distinguishable from these three strains by differences in several phenotypic characteristics (Table 1) . These differences, in combination with phylogenetic and genetic distinctiveness, are sufficient to suggest that strain MA1-1 T is separate from the two Litoreibacter species and T. arenae (Wayne et al., 1987; Stackebrandt & Goebel, 1994) . Therefore, on the basis of the data presented, strain MA1-1 T is considered to represent a novel species of the genus Litoreibacter, for which the name Litoreibacter meonggei sp. nov. is proposed. An emended description of the genus Litoreibacter is also given.
Description of Litoreibacter meonggei sp. nov.
Litoreibacter meonggei (me.ong.ge9i. N.L. gen. n. meonggei of meongge, the Korean name for the sea squirt Halocynthia roretzi, from which the type strain was isolated).
Cells are Gram-negative, non-spore-forming, non-motile and coccoid, oval or rod-shaped (0.6-1.0 mm in diameter and 0.6-2.3 mm long). Cells containing poly-b-hydroxybutyrate granules are found. Colonies on MA are circular, slightly convex, smooth, glistening, yellow and 1.0-2.0 mm in diameter after incubation for 3 days at 25 u C. Optimal growth temperature is 25 u C; growth occurs at 4 and 37 u C, but not at 40 u C. Optimal pH for growth is between 7.0 and 8.0; growth occurs at pH 5.5, but not at pH 5.0. Optimal growth occurs in the presence of 2 % (w/v) NaCl; growth occurs in the presence of 7.0 % (w/v) NaCl, but not in the absence of NaCl or in the presence of more than 8.0 % (w/v) NaCl. raffinose, L-rhamnose, D-ribose, D-sorbitol, sucrose or trehalose. In assays with the API ZYM system, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase and acid phosphatase are present, but lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, amannosidase and a-fucosidase are absent. Susceptible to ampicillin, carbenicillin, cephalothin, chloramphenicol, gentamicin, kanamycin, neomycin, novobiocin, oleandomycin, penicillin G, polymyxin B and streptomycin (weak), but not to lincomycin or tetracycline. The predominant ubiquinone is Q-10. The predominant fatty acid is C 18 : 1 v7c. The major polar lipids are PC, PG, PE, an unidentified AL and an unidentified lipid. Other phenotypic characteristics are given in Table 1 .
The type strain, MA1-1 T (5KCTC 23699 T 5CCUG 61486 T ), was isolated from a sea squirt (Halocynthia roretzi) collected from the South Sea, Korea. The DNA G+C content of the type strain is 57.9 mol% (determined by HPLC). The description of the genus Litoreibacter is as given by Romanenko et al. (2011) with the following amendments. Motile or non-motile. The predominant fatty acid is C 18 : 1 v7c. Common major polar lipids are PC, PG, PE, an unidentified lipid and an unidentified AL. The DNA G+C content is 56.0-60.4 mol%.
